Abstract: This study was carried out to assess the population of Ratufa macroura in Chinnar Wildlife Sanctuary located in the Kerala part of the southern Western Ghats. The population density of Ratufa macroura was estimated to be 15.26 squirrels/km 2 . The total count method, however, gave the population range between 11 to 14 squirrels. The current population estimation is about 78-85 % lesser than the previous population estimation of the Ratufa macroura carried out in 1993 and 2007 respectively, which is quite alarming. The following conservation recommendations are suggested for the longterm conservation of R. macroura, which include habitat restoration to maintain the canopy contiguity and regulation of the pilgrimage and the tourism activities in and around the R. macroura habitat. Urgent steps should also be taken to undertake studies on the genetics of R. macroura. It is also suggested that systematic and scientific monitoring of the population of R. macroura be undertaken on a regular basis.
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For Focus, Scope, Aims, Policies and Guidelines visit http://threatenedtaxa.org/index.php/JoTT/about/editorialPolicies#custom-0 For Article Submission Guidelines visit http://threatenedtaxa.org/index.php/JoTT/about/submissions#onlineSubmissions For Policies against Scientific Misconduct visit http://threatenedtaxa.org/index.php/JoTT/about/editorialPolicies#custom-2 For reprints contact <info@threatenedtaxa.org> giant squirrels in CWS is extremely unique and confined primarily to a narrow stretch of riparian vegetation along the Pambar and Chinnar rivers and their major tributaries (Ramachandran 1993) . Perhaps the only long-term ecological study on the Grizzled Giant Squirrels at the Srivilliputtur Grizzled Giant Squirrel Wildlife Sanctuary, Tamil Nadu were by Joshua & Johnsingh (1994) , Joshua et al. (2006) , and Raja & Joshua (2006) .
The R. macroura population in India has been estimated to be <500 mature individuals. It is also observed that the R. macroura population has been declining at a rate greater than 30% in the last 25 years due to habitat loss and hunting (Molur et al. 2005; Joshua et al. 2008) .
The previous studies on the population estimation of R. macroura at CWS were by Ramachandran (1993) and Senthilkumar et al. (2007) . The population data on a species with restricted range distribution is very crucial in conservation prioritisation and there has not been any recent population estimation carried out on the R. macroura in CWS, and hence the present study was undertaken.
Materials and Methods

Study area
The study was conducted in Chinnar Wildlife Sanctuary, which is spread over an area of 90. The R. macroura is a solitary animal and is seen in pairs or as a family party of three individuals only during the breeding season.
A total of 85 detections of the R. macroura were made during the study period, with an encounter rate of 0.21 squirrels per km ( 
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The effective strip width of the riverine habitat used by the R. macroura was calculated to be 0.04km using the DISTANCE (6.2) programme. The total length of the riverine habitat was calculated using the software QGIS to be 40km. Thus, the effective habitat for the R. macroura at CWS is estimated to be only 1.6km
.
The total population of R. macroura at CWS would be 24 squirrels (15×1.6km 2 ).
Total count of R. macroura in Chinnar Wildlife Sanctuary
The summary statistics of the total count of R. macroura is presented in Table 2 . A total of only 11 to 14 R. macroura could be counted during the total count. The maximum number of R. macroura was sighted in the Churulipetti Block (8 numbers) followed by Alampetty Block (7).
Regeneration of riverine vegetation
The most preferred five plant species by the R. macroura at Chinnar were Terminalia arjuna, Mangifera indica, Tamarindus indica, Ficus microcarpa and Syzygium cumini (Thomas 2014). The girth class distribution of these five-plant species is given in Fig. 2 . It is evident from Fig. 2 that the regeneration of these tree species is extremely low in CWS.
Discussion
Population of R. macroura in Chinnar Wildlife Sanctuary
The population density of the R. macroura in CWS was found to be 15.26 squirrels/km ). The population density estimated during the present study is lower than the previous estimations.
The two census methods that were used in the present study to estimate the population of the R. macroura, indicate that the population of the squirrels at Chinnar is between 14 and 24 individuals, using the total count method and line transect method, respectively. The previous population estimation of the R. macroura was 150 from CWS (Ramachandran 1993), while in another study it was estimated to be 107 squirrels (Senthilkumar et al. 2007 ). Thus, there has been a decline of about 78 to 85%, in the population of the R. macroura, which is quite alarming. Baskaran et al. (2011) , however, mentioned that the population of R. macroura in the Anamalai landscape, including the CWS was 300 individuals. Joshua & Johnsigh (1994) estimated the population of R macroura to be between 82 to 115 individuals in the Alagarkoil Valley in the Srivilliputhur Grizzled Giant Squirrel Wildlife Sanctuary, in Tamil Nadu, southern India. The Srivilliputhur Grizzled 
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Giant Squirrel Wildlife Sanctuary may be the stronghold for the Grizzled Giant Squirrels in its entire range within the Western Ghats.
In one of the previous population estimates, Senthilkumar et al. (2007) gave a density figure of 64 squirrels/km 2 , which seems to be an over estimation. Senthilkumar et al. (2007) states that "the squirrel density was calculated as the total number of squirrel sightings divided by the survey area" which is a crude method of density estimation and is not as per the standard density estimation protocol proposed by Buckland et al. (2004) .
Conservation recommendations
The total population of the R. macroura (Image 1) in India is estimated to be fewer than 500 mature individuals (Molur et al. 2005 ) and 60% of this population is believed to be found in Chinnar and adjoining Tamil Nadu. Thus, the present findings, which indicate a drastic decline in the population of the R. macroura is a matter of grave concern.
This small population of the R. macroura at CWS, is faced with the several conservation challenges, such as increased predation risk (Thomas et al. 2017 ). This could be due to the opening up of the of the canopy in the riverine habitat of Chinnar. Moreover, the regeneration of the preferred food plant species of the R. macroura is extremely low. The poor regeneration is because of the heavy grazing by the domestic cattle. Thus urgent steps should be initiated to curtail the cattle grazing within the riverine habitat in Chinnar WS. Additionally, habitat restoration programmes need be initiated to ensure the regeneration of the most preferred five plant species of the R. macroura such as Terminalia arjuna, Mangifera indica, Tamarindus indica, Ficus microcarpa and Syzygium cumini urgently.
We saw several possible hybrid individuals (Images 2 & 3) between R. macroura and R. indica. The hybrid individuals were primarily seen in Kootar, Churulipetti and Chinnar-Marayur border. There could be at least three to four hybrids at Chinnar, which is about 17% of the total population of Grizzled Giant Squirrel. Detailed investigation on the status of hybrid individuals, reasons for hybridization, and the genetics of the R. macroura need to be urgently undertaken at Chinnar to find out the genetic purity of this species. Detailed taxonomic studies using molecular tools should be carried out to ascertain the taxonomic status of the Indian population of the R. macroura. The mix-up and hybridization between the R. macroura and R. indica also should be monitored to find out its effect on the long-term survival of the R. macroura. Importantly, a Population Habitat Viability Analysis (PHVA) is also recommended for the longterm conservation of R. macroura. Joshua & Johnsingh (1994) , also recommend the need for systematic study on habitat quality, feeding and breeding ecology of R. macroura if the squirrel has to be conserved and saved from further population loss in its range.
In addition to the above-mentioned threats, anthropogenic disturbances in the form of pilgrimage at Churulipetti, tourism and road kills also pose conservation challenges to the R. macroura. The disturbances from the pilgrims and vandals in the riverine vegetation at Churulipetti region should be regulated. This causes considerable disturbance to the R. macroura, as the riverine vegetation is the key habitat of these squirrels, and thus the pilgrim's entry to the riverine vegetation should be stopped. To prevent the road kills, regular crossing points have to be identified and the animal should be provided with canopy connectivity using the artificial structures like bamboo bridges across the road. There are also some ill effects due to the ecotourism ventures, for example, the log houses constructed on the banks of the riverine habitat and the tree top huts, constructed on the top of the trees in the riverine habitat, could be detrimental to the long-term survival of the R. macroura.
It is also important to undertake regular, systematic and scientific population monitoring of R. macroura on a regular basis, at least once a year to understand the population fluctuation of this extremely small and dwindling population of R. macroura at Chinnar Wildlife Sanctuary. A population estimation of the R. macroura in its entire range in southern India, also should be carried out to ascertain their actual population in India.
